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(54) Projector that automatically adjusts the projection parameters 



(57) A projector 100 projects an image onto a screen 
200 by having light from a light source 111 pass through 
light valves 1 08 ~ 1 1 0 corresponding to RGB colors and 
a projection lens 101. A special pattern is displayed on 
the light valves 1 08 ~ 1 1 0 so that an image of the special 
pattern is projected onto the screen 200. The projector 
includes a half mirror 112 that directs light, which has 



been reflected back off this image on the screen 200 
and back through the light valves 1 08 — 1 1 0, toward the 
collective lens 1 1 3, and a light detecting element 1 1 4 for 
detecting the intensity of the light collected by the col- 
lective lens 1 1 3. Based on the detected intensity, the mi- 
crocomputer 116 automatically adjusts the projection 
parameters of the projector 100. 
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Description 

[0001] This application is based on Application Nos. 
H10-180130. H10-198485 and H10-198486 filed in Ja- 
pan, the contents of which are hereby incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The present invention relates to a projector 
that automatically adjusts projection parameters such 
as zoom ratio, focus, and convergence. 

2. Description of Related Art 

[0003] In the field of projectors, one example of a tech- 
nology that automatically adjusts projection parameters 
such as convergence and focus is disclosed in U.S. Pat- 
ent No. 5,231,481. In this technology, a photographic 
device, such as a video camera, photographs an image 
that a projector projects onto a screen to obtain image 
data. An information processing apparatus such as a mi- 
crocomputer then analyzes this image data to detect ad- 
justment errors in the projection parameters and per- 
forms suitable corrections to the settings of the projec- 
tor. The following describes the operation of this tech- 
nology when automatically adjusting the focus of the 
projection lens. 

[0004] FIG. 1 is a block diagram showing the con- 
struction of the projector 900 in this related art. As shown 
in FIG. 1, the projector 900 includes a projection lens 
901 , dichroic mirrors 902, 903, 906, and 907, mirrors 
904 and 905, light valves 908, 909, and 910, a light 
source 911, an A/D convenor 915, a microcomputer 
916, a test pattern generating circuit 929, and a projec- 
tion lens focus adjusting mechanism 933. The image 
that this projector 900 projects onto the screen 980 is 
photographed by the video camera 990. The image pho- 
tographed by the video camera 990 is subjected to A/D 
(analog to digital) conversion by the A/D convertor 915 
and is then inputted into the microcomputer 916 as im- 
age data. 

[0005] The microcomputer 916 analyzes the inputted 
image data and, based on the results of this analysis, 
controls the projection lens focus adjusting mechanism 
933 to have the focus of the projection lens 901 adjust- 
ed. Note that while the optical paths from each of the 
light valves 908, 909, and 91 0 to the projection lens 901 
appear to have different lengths in the example illustrat- 
ed in FIG. 1 , such paths can be easily adjusted using 
conventional technologies, such as through the use of 
additional lenses (not illustrated). As described in the 
embodiments of the invention, this problem can also be 
addressed by changing the positioning of the dichroic 
mirrors or other components. 

[0006] As described above, the projector 900 of the 



above technology requires the further use of a video 
camera 990 to photograph the image projected onto the 
screen 980. This leads to the problems of a rise in the 
cost of the technology and of the user having to perform 
5 the difficult task of correctly orienting the video camera 
990 toward the screen 980. 

SUMMARY OF THE INVENTION 

io [0007] It is a primary object of the present invention 
to provide a projector that can automatically adjust the 
projection parameters with a simple operation while 
suppressing the cost of the overall equipment. 
[0008] This primary object can be realized by a pro- 

is jector that projects images onto a screen by passing 
light from a light source through a light valve and a pro- 
jection lens, the projector comprising: reflected light de- 
tecting means for detecting light that has been reflected 
off the screen and back through the light valve; and pro- 

20 jection parameter adjusting means for adjusting a pro- 
jection parameter based on a detection result of the re- 
flected light detecting means. 

[0009] With the stated construction, light reflected 
back off a screen is detected and used to adjust the pro- 
25 jection parameters, so that there is no need to use ex- 
pensive equipment, such as a video camera, for photo- 
graphing an image projected onto the screen. Adjust- 
ments to the positioning of the video camera or other 
such additional equipment are also unnecessary, there- 
to by making automatic adjustment possible with a simple 
operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 [001 0] These and other objects, advantages and fea- 
tures of the invention will become apparent from the fol- 
lowing description thereof taken in conjunction with the 
accompanying drawings which illustrate a specific em- 
bodiment of the invention. In the drawings: 

40 

FIG. 1 is a block diagram showing the construction 
of a projector that automatically adjusts the focus of 
the projection lens using a video camera; 
FIG. 2 shows the construction of a projector that is 

45 a first embodiment of the present invention; 

FIG. 3A and FIG. 3B show the respective positions 
of the half mirror 112 when the projection parame- 
ters are being adjusted and at other times; 
FIG. 4 is a flowchart showing the processing by the 

50 microcomputer 116 in the first embodiment of the 

present invention; 

FIG. 5 shows an example of pattern A; 

FIG. 6 shows an example of the appearance of the 

screen 200; 

55 FIG. 7 shows the construction of the projector of the 

second embodiment; 

FIG. 8 is a flowchart showing the processing by the 
microcomputer 116 in the second embodiment of 
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the present invention; 

FIG. 9 shows the construction ot the projector of the 
second embodiment; 

FIG. 10 is a flowchart showing the processing by 

the microcomputer 116 in the third embodiment of 

the present invention; 

FIG. 11 shows an example of pattern B; 

FIG. 12 shows the construction of the projector of 

the fourth embodiment; 

FIG. 13 is a flowchart showing the processing by 

the microcomputer 1 1 6 in the fourth embodiment of 

the present invention; 

FIG. 14 shows an example of pattern C; 

FIG. 15 shows the construction of the projector of 

the fifth embodiment; 

FIG. 16 is a perspective drawing that schematically 
shows the construction of the light valve position/ 
inclination adjusting mechanism 141 ; 
FIG. 17A shows an example construction of the 
screw end holding mechanism 431, while FIG. 17B 
shows an example construction of the screw attach- 
ing mechanism 441; 

FIG. 18 is a flowchart showing the processing by 
the microcomputer 116 in the fifth embodiment of 
the present invention; 
FIG. 19 shows an example of pattern D; 
FIG. 20 shows an example of pattern E; 
FIG. 21 shows an example of pattern F; 
FIG. 22 shows an example of pattern G; 
FIG. 23 is a figure that is referred to in the explana- 
tion of the method for calculating the optimal posi- 
tion/inclination in the fifth embodiment; 
FIG. 24 shows the construction of the projector of 
the sixth embodiment; 

FIG. 25 is a flowchart showing the processing by 
the microcomputer 116 in the sixth embodiment of 
the present invention; 

FIG. 26 shows the construction of the projector of 
the seventh embodiment; 

FIG. 27 is a front elevation that schematically shows 
an example construction of the convergence adjust- 
ing mechanism 151; 

FIG. 28 shows an example construction of the cen- 
tral position holding mechanism 541 ; 
FIG. 29 and FIG. 30 are flowcharts showing the 
processing by the microcomputer 116 in the sixth 
embodiment of the present invention; and 
FIG. 31 shows an example of pattern F. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0011] The following describes several embodiments 
of the present invention, with reference to the attached 
drawings. 



First Embodiment 

[0012] FIG. 2 shows the construction of a projector 
that is a first embodiment of the present invention. As 

5 shown in the figure, the projector 100 includes the pro- 
jection lens 101, the dichroic mirrors 102, 103, 106, and 
107, the mirrors 104 and 105, the light valves 108, 109, 
and 1 1 0, the light source 1 1 1 , the A/D convenor 1 1 5, the 
microcomputer 116, the light valve driving circuit 117, 

10 the rectangular pattern generating circuit 121, and the 
projection lens zoom ratio adjusting mechanism 131. 
This projector 100 projects images onto the screen 200. 
[0013] The dichroic mirror 107 reflects only the red 
light in the white light emitted by the light source 111 and 

75 passes the other constituent parts of the white light. The 
dichroic mirror 106 reflects only the green light in the 
light passed by the dichroic mirror 107 and passes the 
other constituent parts of this light. The mirror 105 re- 
flects the blue light that has passed through both the 

20 dichroic mirror 106 and the blue image light valve 108. 
[0014] The mirror 104 reflects the red light that has 
been reflected by the dichroic mirror 107 to direct it to- 
ward the red image light valve 110. The dichroic mirror 
103 passes the red light that has passed the red image 

25 light valve 1 1 0 and reflects the green light that has been 
reflected by the dichroic mirror 106 and has passed the 
green image light valve 109. The dichroic mirror 102 
passes the red light that has passed the dichroic mirror 
103 and the green light that has been reflected by the 

30 dichroic mirror 103, and reflects the blue light that has 
been reflected by the mirror 105, thereby directing the 
recombined light toward the projection lens 101. Note 
that the above construction forms what is conventionally 
known as a three-chip projector. 

35 [0015] The light valves 108-110 for the three primary 
colors can be realized by conventional technologies 
such as liquid-crystal light valves. These light valves 
1 08- 1 1 0 are separately control led by the light valve d riv- 
ing circuit 1 1 7. In addition to video signals that are used 

40 for normal image projection, this light valve driving cir- 
cuit 117 receives an input of a variety of test patterns 
that are used for the automatic correction of the projec- 
tion parameters; and is itself controlled according to 
such inputted signals using a conventional control meth- 

45 od. The variety of test patterns that are used for the cor- 
rection of the projection parameters are controlled by 
the microcomputer 116. In the present embodiment, a 
signal for having a rectangular pattern displayed is out- 
putted via the rectangular pattern generating circuit 1 21 . 

50 Such test patterns for use when adjusting the projection 
parameters are described in detail later in this specifi- 
cation. 

[0016] As shown in FIG. 2, the projector 100 of the 
present embodiment includes a half mirror 112 that is 
55 disposed at a position between the light source 111 and 
the dichroic mirror 107. The position of this half mirror 
112 can changed by a driving means (not illustrated). 
When the projection parameters of the projector are be- 
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ing automatically adjusted, the half mirror 112 allows 
light from the light source 111 to pass while reflecting 
the light that has been reflected off the screen 200 and 
has passed back through the projection lens 101 and 
the light valves 1 08-1 1 0, thereby directing this reflected 
light through the collective lens 113 toward the light de- 
tecting element 114. When the projection parameters 
are not being adjusted, this half mirror 1 1 2 is moved out 
of the optical path of the light emitted by the light source 
111. 

[0017] FIG. 3A shows the position of the half mirror 
112 when the projection parameters are being adjusted, 
while FIG. 3B shows its position at other times. As 
shown in FIG. 3A S when the projection parameters are 
being adjusted, the half mirror 112 is set at an approxi- 
mately 45° angle with respect to the path taken by the 
light emitted from the light source 111 toward the dich- 
roic mirror 107, so that the light reflected back off the 
screen 200 is collected by the collective lens 113. The 
light delecting element 114 is provided at the point at 
which this reflected light is collected so as to measure 
the intensity of the reflected light. On the other hand, 
when the projection parameters are not being adjusted, 
such as in a standard operation where the projector 
projects images based on a video signal, the half mirror 
1 1 2 is moved out of the optical path of the light emitted 
by the light source 111, as shown in FIG. 3B. 
[0018] A photo diode (PD), a charge-coupled device 
(CCD) or similar may be used as the light detecting el- 
ement 114. The A/D convertor 115 converts the output 
signal of the light detecting element 114 into a digital 
signal which is then inputted into the microcomputer 
116. This microcomputer 116 controls the projection 
lens zoom ratio adjusting mechanism 131 according to 
the output of the A/D convertor 115 and so automatically 
adjusts the zoom ratio of the projection lens 101. The 
projection lens zoom ratio adjusting mechanism 131 is 
a conventional device, and so will not be described. 
[0019] The lollowing is a detailed description of the 
method for automatically adjusting the zoom ratio of the 
projection lens. FIG. 4 is a flowchart showing the 
processing by the microcomputer 116 when automati- 
cally adjusting the zoom ratio of the projection lens 1 01 . 
Note that when this automatic adjustment is being per- 
formed, it will be necessary to have roughly adjusted 
factors such as the positioning of the projector 100 and 
its orientation roughly adjusted in advance. Such rough 
adjustments are required since it is not possible to have 
the projection parameters automatically adjusted based 
on light that has been reflected from the screen 200 if, 
for example, the light projected by the projector 100 is 
not actually incident on the screen 200. If the projector 
1 00 has been already set up at a suitable position, how- 
ever, such rough adjustments do not need to be made. 
[0020] Once the rough adjustments to the positioning 
of the projector 100 have been made and the projector 
100 has been instructed to automatically adjust the 
zoom ratio of the projection lens 101 , the microcomputer 



116 commences the processing shown in the flowchart 
of FIG. 4. First, the half mirror 112 is moved into the po- 
sition shown in FIG. 3A. (S101 ). Next, a rectangular pat- 
tern (hereafter, "pattern A") for adjusting the zoom ratio 

5 of the projection lens 1 01 is displayed on the blue image 
light valve 1 08, the green image light valve 1 09.. and the 
red image light valve 110 (hereafter, collectively referred 
to as the "light valves 108-110") (S102). Pattern A, as 
shown in the example in FIG. 5, is such that light passes 

to near the edges of the light valves 108-110, meaning that 
such parts are in an "open" state, while no light passes 
through the central parts of the light valves 108-110, 
meaning that such parts are in a "closed" state. When 
an image of this kind of pattern is projected onto a 

15 screen 200 that has a dark border, such as in FIG. 6, 
overmagnitication by the projection lens 101 will result 
in the image of pattern A extending beyond the image 
display area 201 of the screen 200 and onto the border 
202. 

20 [0021] If the image of pattern A is projected onto the 
border 202, none of the light incident on the border 202 
will be reflected, thereby reducing the intensity of the 
light reflected back from the projected image of pattern 
A. This means that by controlling the zoom ratio of the 

2S projection lens 1 01 based on the intensity of the reflect- 
ed light obtained via the light detecting element 1 1 4 and 
the A/D convertor 115, automatic adjustment of the 
zoom ratio can be performed. 

[0022] Returning to the flowchart of FIG. 4, in step 

30 SI 02, when the light valve driving circuit 117 has had 
pattern A displayed by the light valves 108-110, the mi- 
crocomputer 1 1 6 controls the projection lens zoom ratio 
adjusting mechanism 131 to set the zoom ratio of the 
projection lens 101 at its minimum value (S103) and 

35 switches on the light source 111 (S104). By performing 
this processing, the microcomputer 116 obtains the in- 
tensity of the light reflected back off the screen 200 as 
the output of the A/D convertor 115. On receiving this 
value, the microcomputer 116 first sets this current out- 

40 put value of the A/D convertor 1 1 5 as the measurement 
P (S105). Note that in this embodiment, the switching 
on of the light source 111 is described as being control- 
led by the microcomputer 116, although other control 
methods are possible. The light source 111 may even 

45 be switched on manually This is also true for the follow- 
ing embodiments. 

[0023] Next, the microcomputer 1 1 6 controls the pro- 
jection lens zoom ratio adjusting mechanism 1 31 and 
has the zoom ratio of the projection lens 101 increased 

50 by a predetermined amount (S106). Here, this predeter- 
mined amount may be a fixed value, a value that can be 
changed according to the operating conditions of the 
projector 100, or a value that can be freely selected by 
the user, so that no particular meaning should be in- 

55 ferred from the word "predetermined". Once the zoom 
ratio has been increased in this way, the microcomputer 
116 receives the output value of the A/D convertor 115 
and sets the value as the measurement Q (SI 07). The 
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microcomputer 116 then compares the measurements 
P and O, and ends the automatic adjustment of the 
zoom ratio if the measurement Q has fallen below the 
measurement P (S108:Yes). This corresponds to the 
case described earlier where the projected image of pat- 
tern A protrudes onto the border 202 of the screen 200, 
thereby reducing the intensity of the reflected light. If the 
measurement Q is equal to or greater than the meas- 
urement P (S108:No), the measurement Q is set as the 
measurement P (S109) and the processing returns to 
step S106 where the zoom ratio of the projection lens 
101 is again increased by a predetermined amount. 
[0024] As described above, the zoom ratio of the pro- 
jection lens 101 is adjusted while monitoring the inten- 
sity of the light reflected off the screen 200 when pattern 
A is displayed on the light valves 108-110. This means 
that the automatic adjustment of the zoom ratio of the 
projection lens 101 can be performed with a simple op- 
eration. 

[0025] Note that while the present embodiment states 
that a decrease in the intensity of the reflected light is 
due to the projected image of pattern A protruding onto 
the border 202, the width of the open part of pattern A 
need not be as shown in FIG. 5. Provided that light pass- 
es through parts of the image that correspond to the 
edges of the image projected onto the screen 200, other 
patterns may be used. This means that the open part of 
the pattern can be wide or narrow, and, depending on 
the detection accuracy of the light detecting element 
114, a pattern that is entirely "open" may even be used. 
Here, it should be obvious that the width of the open part 
should be set an suitable value for the detection accu- 
racy of the light detecting element 114. 

Second Embodiment 

[0026] The following describes a second embodiment 
of the present invention. This embodiment is a method 
for automatically adjusting the zoom ratio of the projec- 
tion lens when images projected by a plurality of projec- 
tors are combined on a single screen. 
[0027] FIG. 7 shows the construction of the projector 
100 in this embodiment. As shown in FIG. 7, the present 
projector has the same construction as that described 
in the first embodiment. However this embodiment dif- 
fers from the first embodiment in having another projec- 
tor, projector 300, project an image onto the screen 200 
and in performing automatic adjustment of the zoom ra- 
tio of the projection lens 101 of the projector 100 by hav- 
ing the projector 300 project a standard pattern onto the 
screen 200 and controlling the projector 100 so that a 
pattern projected by the projector 100 will coincide with 
the standard pattern projected by the projector 300. The 
following explanation focuses on the changes that arise 
in the processing of the microcomputer 116 due to these 
differences. The reason that an image is formed on the 
screen using a plurality ol projectors is that there are 
cases when a single projector is unable to project a suf- 
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ficiently bright image onto a screen provided in a large 
space, such as a hall or a conference room. In such cas- 
es, a plurality of projectors are used to project the same 
image onto the screen. 

5 [0028] FIG. 8 is a flowchart showing the processing 
of the microcomputer 1 1 6 of the projector 1 00 in this sec- 
ond embodiment. In this embodiment, it should be ob- 
vious that it is preferable for the two projectors to be po- 
sitioned so that their images roughly coincide before the 

io automatic adjustment of the projection parameters is 
performed. It is also preferable for rough adjustments to 
be made to the projection parameters of the two projec- 
tors, such as the focus of the projection lens, before 
such automatic adjustment is performed. This is be- 

15 cause proper adjustment of such parameters improves 
the precision with which the intensity of the reflected 
light can be detected. 

[0029] As shown in FIG. 8 ? the processing of the mi- 
crocomputer 116 in this second embodiment is for the 

20 most part the same as the processing in the first embod- 
iment which was shown in FIG. 4. However, the present 
embodiment detects the intensity of light reflected back 
off an image projected by the projector 300, so that the 
light source 111 of the projector 100 does not need to 

25 be switched on when adjusting the projection parame- 
ters. According, the process that switches the light 
source 1 1 1 on is omitted (see S204). This means that in 
this embodiment, in step S202 pattern A is displayed on 
the light valves 108-110. of the projector 100 and an 

30 image of pattern A is projected onto the screen 200 by 
the projector 300. The timing at which the projector 300 
projects this image of pattern A can be anytime before 
step S204 where the measurement P is obtained in the 
same way as in the first embodiment. 

35 [0030] The reason pattern A is displayed on the light 
valves 108-110 of the projector 100 is as follows. The 
light reflected back off the screen passes through the 
projection lens 101 and forms images upon the light 
valves 108-110. If pattern A is also displayed on the light 

40 valves 108-110 at this point, the detected intensity of 
the reflected light that passes through the open parts of 
pattern A on the light valves 108-110 will be greatest 
when the two projectors are in a state whereby the im- 
ages projected by the two projectors would exactly co- 

45 incide on the screen 200. 

[0031] Based on this logic, once the measurement P 
has been obtained in step S204, the same control is per- 
formed as in the first embodiment so as to automatically 
adjust the zoom ratio of the projection lens 101 of the 

50 projector 100 to a state where images projected by the 
two projectors would exactly coincide on the screen 200. 
This setup has the advantages of lower cost and of eas- 
ier operation for adjustment of the projection parameters 
over systems where a video camera is used. 

55 [0032] In the present embodiment, if the light source 
111 of the projector 100 is not used during adjustment, 
a mirror can be used in place of the half mirror 112. This 
mirror can be set in the position shown for the half mirror 
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112 in FIG. 3B and can be moved the position of the half 
mirror 112 in FIG. 3A when automatic adjustment of the 
projection parameters is performed. This is also true tor 
the following embodiments. 

Third Embodiment 

[0033] The following describes a third embodiment of 
the present invention. This embodiment is a method for 
automatically adjusting a displacement in the axis of the 
projection lens when images projected by a plurality of 
projectors are combined on a screen. Here, an adjust- 
ment of the displacement in the axis of the projection 
lens refers to an adjustment in the vertical position of 
the projected image on the screen 200 that is achieved 
by changing the position of the projection lens 101 . 
[0034] FIG. 9 shows the construction of the projector 
1 00 in this embodiment. As shown in FIG. 9, the present 
projector has largely the same construction as that de- 
scribed in the second embodiment. The differences with 
the second embodiment lie in the provision of the pro- 
jection lens axis displacement adjusting mechanism 
1 32 in place of the projection lens zoom ratio adjusting 
mechanism 1 31 , and in the provision of the image po- 
sition adjustment pattern generating circuit 122 in place 
of the rectangular pattern generating circuit 121 , due to 
the need to form a different pattern on the screen 200 
to that formed in the second embodiment. The following 
explanation will focus on these differences. 
[0035] FIG. 1 0 is a flowchart showing the processing 
of the microcomputer 116 in this third embodiment. The 
processing of the microcomputer 116 in this embodi- 
ment is for the most part the same as in the second em- 
bodiment shown in FIG. 8, with the only differences re- 
lating to the provision of the projection lens axis dis- 
placement adjusting mechanism 132 as the adjusting 
mechanism for the projection parameters. 
[0036] For the same reasons as were described in the 
second embodiment, it is prelerable for the two projec- 
tors to be positioned so that their images roughly coin- 
cide, and for rough adjustments to be made to the pro- 
jection parameters of the two projectors, such as the fo- 
cus of the projection lens, before automatic adjustment 
is performed. In this third embodiment, a horizontal 
stripe pattern (hereafter, "pattern B") is used in place of 
pattern A as the standard pattern whose image is pro- 
jected by the projector 300 and which is also displayed 
on the light valves 1 08-1 1 0 of the projector 1 00 (S302). 
An example ol pattern B is shown in FIG. 11, although, 
as in the preceding embodiments, there are no particu- 
lar limitations regarding the widths of the open and 
closed parts of this pattern. Also, while the present em- 
bodiment describes the case where a horizontal stripe 
pattern of open and closed parts is used as the standard 
pattern, the gist of the present invention only requires 
that a horizontal stripe pattern composed of both bright 
and dark parts is used. Accordingly, the brightness the 
parts corresponding to open and closed areas may be 
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changed. If the two projectors have been aligned so that 
there is almost no horizontal displacement in their pro- 
jected images, a wave or zigzag pattern may alterna- 
tively be used as the standard pattern. 

s [0037] When the projector 300 projects an image of 
pattern B onto the screen 200, the light reflected back 
off the screen 200 forms images on the light valves 
108-110 of the projector 100. Since pattern B is dis- 
played on the light valves 108-110, the intensity of the 

10 reflected light that is collected into the light detecting el- 
ement 1 1 4 of the projector 1 00, which is to say the output 
value of the A/D convenor 115. will be greatest when 
the two projectors are in a state whereby the images 
projected by the two projectors exactly coincide on the 

is screen 200. This state indicates that the axis displace- 
ment of the projection lens of the two projectors have 
been properly adjusted. 

[0038] According to the above logic, almost the same 
processing as in the second embodiment is performed 

20 from step S303 onwards, so that the axis displacement 
of the projection lens 101 of the projector 100 is auto- 
matically adjusted until a state is reached where the im- 
ages projected by the two projectors 100 and 300 coin- 
cide on the screen 200. In more detail, in step S303 the 

25 projection lens axis displacement adjusting mechanism 
1 32 in the projector 1 00 sets the lens axis displacement 
at its maximum value (here, a value that has the project- 
ed image displayed at a highest point on the screen 
200). The projector 300 is made to project an image of 

30 pattern B on the screen 200, and the output value of the 
A/D convenor 115 is obtained as the measurement P 

(5304) . Note that a conventional device can be used as 
the projection lens axis displacement adjusting mecha- 
nism 1 32, so that no description of such will be given. 

35 [0039] The projection lens axis displacement adjust- 
ing mechanism 132 is then controlled so that to reduce 
the axis displacement by a predetermined amount 

(5305) . As a result, the image of pattern B formed on 
the light valves 108-110 by the reflected light will be 

40 shifted downward by a predetermined amount. The out- 
put value of the A/D convenor 115 is obtained at this 
point as the measurement Q (S306). Note that any 
amount can be used as the predetermined amount for 
reducing the axis displacement, and a fixed value or a 

45 variable value may be used as in the preceding embod- 
iments. 

[0040] In the same way as in the second embodiment, 
when the measurement Q falls below the measurement 
P (S307:Yes), the adjustment of the axis displacement 
50 of the projection lens 101 is complete. When this is not 
the case, the projection lens axis displacement adjust- 
ing mechanism 1 32 further reduces the axis displace- 
ment and the processing thereafter is repeated (S308, 
S305). 

55 [0041] Like the preceding embodiments, the present 
embodiment has the advantages of lower cost and of 
easier operation for adjustment of the projection param- 
eters over systems where a video camera is used. Note 
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that in this embodiment, depending on the relationship 
between the range over which the projection lens axis 
displacement adjusting mechanism 132 can adjust the 
axis displacement and the width of the horizontal stripes 
in pattern B, high values may be detected for the inten- 
sity of the reflected light outputted by the A/D convenor 
1 1 5 at more than one lens position. Accordingly, the ad- 
justment need not end when the measurement Q falls 
below the measurement P as is shown in FIG. 10. Out- 
put values of the A/D convertor 115 may be obtained 
across the entire range over which the axis displace- 
ment can be adjusted and may be stored in a storage 
device such as a memory. After doing so, the projection 
lens axis displacement adjusting mechanism 132 can 
be controlled to set the axis displacement at the value 
that gives the highest output value of the A/D convertor 
115 across the entire range over which the axis dis- 
placement can be adjusted. By doing so, the axis dis- 
placement can be adjusted more accurately. However, 
if the respective axis displacements of the projection 
lenses of the two projectors are adjusted to similar val- 
ues during the rough adjustments, a sufficiently accu- 
rate adjustment can be achieved by the method shown 
by the flowchart in FIG. 10. 

Fourth Embodiment 

[0042] The following describes a fourth embodiment 
of the present invention. This embodiment is a method 
for automatically adjusting the focus of the projection 
lens when an image is formed on a screen using a single 
projector. 

[0043] FIG. 1 2 shows the construction of the projector 
100 in this embodiment. As shown in FIG. 12, the 
present projector has largely the same construction as 
that described in the first embodiment. The differences 
with the first embodiment lie in the provision of the pro- 
jection lens focus adjusting mechanism 133 in place of 
the projection lens zoom ratio adjusting mechanism 
1 31 , and in the provision of the mosaic pattern generat- 
ing circuit 123 in place of the rectangular pattern gener- 
ating circuit 1 21 , due to the need to form a different pat- 
tern on the screen 200 to that formed in the first embod- 
iment. The following explanation will focus on these dif- 
ferences. 

[0044] FIG. 1 3 is a flowchart showing the processing 
of the microcomputer 116 in this fourth embodiment. 
The processing of the microcomputer 1 1 6 in this embod- 
iment is for the most part the same as in the first em- 
bodiment, with the only differences to certain steps be- 
ing caused by the provision of the projection lens focus 
adjusting mechanism 133 as the adjusting mechanism 
for the projection parameters. 

[0045] Since the automatic adjustment of the projec- 
tion parameters in this fourth embodiment is performed 
using only one projector, as in the first embodiment, it is 
preferable for the positioning of the projector 100 and 
the settings, such as the axis displacement and zoom 
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ratio, of the projection lens 101 to be roughly adjusted 
by the user before the automatic adjustment of the pro- 
jection parameters is performed. The reasons for this 
are the same as in the first embodiment. 

5 [0046] The processing in the present embodiment dif- 
fers from the first embodiment in that in step S402. a 
mosaic pattern (hereafter, "pattern C n ) is displayed on 
the light valves 108-110 so that the projector 100 
projects an image of pattern C onto the screen 200. An 

io example of pattern C is shown in FIG. 14. When an im- 
age of this pattern is projected by the projector 1 00, the 
light reflected back off the screen 200 forms images on 
the light valves 108-110 of the projector 100. Since pat- 
tern C is also being displayed on the light valves 

is 108-110, the intensity of the reflected light, which is to 
say, the output value of the A/D convertor 115, will be 
highest when the focus of the projection lens 101 has 
been suitably adjusted so that the patterns formed on 
the light valves 108-110 of the projector 100 by the re- 

20 fleeted light coincide to the displayed pattern C. Note 
that when the focus of the projection lens 101 has not 
been properly adjusted, the image of pattern C projected 
onto the screen 200 will have blurred edges between 
the open parts and closed parts in the mosaic pattern. 

2& This results in part of the light reflected back from the 
screen 200 not being able to pass through the open 
parts of the light valves 108-110. The present embodi- 
ment is not limited to the pattern shown in FIG. 14, so 
that depending on the detection accuracy of the light de- 

30 tecting element 114, any pattern where there are edges 
between bright areas and dark areas can be used when 
automatically adjusting the focus. 
[0047] For the above reasons, the processing in step 
S403 onwards is largely the same as the processing in 

35 the first embodiment, so that the focus of the projection 
lens 1 01 can be automatically adjusted by using a single 
projector. In more detail, in step S403the projection lens 
focus adjusting mechanism 1 33 adjusts the focus of the 
projection lens 101 to a maximum value (here defined 

40 as either end of the range over which the focus of the 
projection lens 101 can be adjusted). The light source 
111 is then switched on (S404), and the output value of 
the A/D convertor 115 at that point is obtained as the 
measurement P (S405). Note that a conventional device 

45 can be used as the projection lens focus adjusting 
mechanism 133, so that no explanation of such will be 
given. 

[0048] The projection lens focus adjusting mecha- 
nism 1 33 reduces the focus setting by a predetermined 

50 amount (S406) and the output of the A/D convertor 115 
at that point is obtained as the measurement Q (S407). 
This predetermined amount in step S406 can be any 
kind of value in the same way as in the first embodiment. 
When the measurement Q falls below the measurement 

55 p (S408:Yes), the focus adjustment processing is com- 
plete. If the measurement Q is not below the measure- 
ment P (S408:No), the adjustment by the projection lens 
focus adjusting mechanism 133 is repeated (S-406, 
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S409). 

[0049] As with the preceding embodiments, the 
present embodiment has the advantages of lower cost 
and of easier operation for adjustment of the projection 
parameters over systems where a video camera is 
used. 

[0050] Note that the sizes of the open parts of pattern 
C can be freely selected, and may be set at a fixed value 
or at a value that may be changed according to the op- 
erating conditions of the projector 100. There are also 
no particular restrictions governing the brightness of the 
open parts and the closed parts of the pattern. Also note 
that while S403 is described as setting the focus at a 
highest value and S406 as reducing this focus setting 
by a predetermined value, this adjustment may instead 
be performed in the other direction. 

Fifth Embodiment 

[0051] The following describes a fifth embodiment of 
the present invention. In this embodiment, the position 
(also referred to as the "focus") and inclination of each 
light valve with respect to the optical path taken by light 
from the light source 111 is automatically adjusted for 
the case when images are projected onto the screen us- 
ing a single projector. Such adjustments are necessary 
since a three-chip projector like that of the present em- 
bodiment needs to have each light valve for the three 
colors of red, green, and blue positioned at an equal dis- 
tance from the projection lens, and since it is preferable 
when forming an image on a screen for the light valves 
to have the same inclination as the screen. 
[0052] FIG. 1 5 shows the construction of the projector 
100 in this embodiment. As shown in FIG. 15, the 
present projector has largely the same construction as 
that described in the fourth embodiment. The differenc- 
es with the fourth embodiment lie in the provision of the 
light valve position/inclination adjusting mechanisms 
141 , 142, and 143 in place of the projection lens focus 
adjusting mechanism 1 33 and in the provision of the par- 
tial mosaic pattern generating circuit 124 in place ol the 
mosaic pattern generating circuit 123. The following ex- 
planation will focus on these differences. 
[0053] The following describes the construction of the 
light valve position/inclination adjusting mechanisms 
141-143. Note that the light valve position/inclination 
adjusting mechanisms 141-143 are themselves con- 
ventional devices, such as those that allow adjustment 
by an experienced user who adjusts the light valves us- 
ing a remote controller while viewing images on the 
screen. The light valve position/inclination adjusting 
mechanisms 141-143 each have the same construc- 
tion, so that the following explanation will describe light 
valve position/inclination adjusting mechanism 141 as 
a representative of the three. FIG. 16 is a perspective 
drawing showing the construction of the light valve po- 
sition/inclination adjusting mechanism 141 in schematic 
form. 



[0054] In FIG. 16, numeral 401 denotes a fixed frame 
while numeral 402 denotes a movable frame. In this em- 
bodiment, the fixed frame 401 is attached to the case of 
the projector 100 and includes an empty window 403. 

5 The movable frame 402 includes the light valve attach- 
ment window 404, into which the blue image light valve 
108 is attached. As one example, a liquid crystal display 
panel may be attached. This means that light from the 
light source 111 passes through the blue image light 

to valve 1 08 that is attached in the light valve attachment 
window 404 and through the window 403 on its way to- 
ward the screen 200. 

[0055] The light valve position/inclination adjusting 
mechanism 141 is equipped with three motors 411 , 412, 

15 and 413. These motors 411-413 can rotate the screws 
421 -423 in both clockwise and anticlockwise directions. 
Components that are capable of positioning control, 
such as stepping actuators or DC motors equipped with 
revolution sensors., may be used as these motors 

20 411-413. The screws 421, 422, and 423 are attached 
to the screw end holding mechanisms 431 , 432, and 433 
that are provided at three places in the fixed frame 401 
to hold the ends of screws 421-423. These screws 
421 -423 are held so as to allow free rotation without 

2S their ends being able to move, with FIG. 17A showing 
an example construction of the screw end holding mech- 
anism 431 that is capable of doing this. In FIG. 17A, a 
spherical socket is formed in the member 431 1 , and the 
screw 421 is attached to a ball 421 1 that is provided in- 

30 side the socket 431 2. 

[0056] The movable frame 402 meanwhile includes 
screw attaching mechanisms 441 , 442, and 443 at three 
places. FIG. 17B shows an example construction of the 
screw attaching mechanism 441 . In FIG. 17B, the male 

35 thread cut into the surface of the screw 421 engages a 
female thread cut into a hole provided in a spherical 
member 441 2 inserted into a spherical socket formed 
inside the external casing 4411 of the screw attaching 
mechanism 441. With the construction shown in FIG. 

40 16, rotation of the screws 421-423 by the motors 
411-413 can result in a change in the inclination of the 
blue image light valve 108 and in the distance between 
the movable frame 402 and the fixed frame 401 . Here, 
the locus of the blue image light valve 108 can be ad- 

45 justed by having the motors 411 -41 3 perlorm the same 
rotation, while the inclination of the blue image tight 
valve 108 can be adjusted by having the motors 
411-413 rotate by different amounts. 
[0057] FIG. 18 is a flowchart showing the processing 

50 of the microcomputer 1 1 6 in this fifth embodiment. In this 
embodiment, the processing of the microcomputer 116 
differs at many points to the processing described in the 
preceding embodiments. These are caused by the pro- 
vision of the light valve position/inclination adjusting 

55 mechanisms 141 -143 as mechanisms for adjusting the 
projection parameters, and result in changes to both the 
processing in individual steps and the processing as a 
whole. 
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[0058] Since the automatic adjustment ot the projec- 
tion parameters in the present embodiment is performed 
using only projector 1 00, tor the same reasons as given 
in the first embodiment it is preferable tor positioning of 
the projector 100 and the projection parameters of the 5 
projection lens 101 to be roughly adjusted before auto- 
matic adjustment is performed. The automatic adjust- 
ment of the projection parameters performed in the 
present embodiment also needs to be performed sepa- 
rately for each of the light valves 108-110, although the 
following explanation will only describe the adjustment 
of the blue image light valve 1 08 as a representative ex- 
ample. The same adjustment is performed for the light 
valves 109 and 110, and may be performed for the light 
valves 108-110 in any order. 

[0059] The patterns used in the present embodiment 
are mosaic patterns that resemble pattern C, although 
this fifth embodiment differs from the fourth embodiment 
in that partial mosaic patterns, where a mosaic is 
present in only part of the patterns, are used to adjust 
the positions and inclinations of the light valves 
108-110. These partial mosaic patterns are generated 
by the partial mosaic pattern generating circuit 124 
shown in FIG. 15. Examples of patterns that may be 
used in the present embodiment are shown in FIGS. 19 
through 22. For the sake of convenience, the pattern in 
FIG. 1 9 where a mosaic is present in only the top-left 
part is called pattern D, the pattern in FIG. 20 where a 
mosaic is present in only the bottom-left part is called 
pattern E, the pattern in FIG. 21 where a mosaic is 
present in only the top-right part is called pattern F, the 
pattern in FIG. 22 where a mosaic is present in only the 
bottom-right part is called pattern G. In the present em- 
bodiment, the optimal position and inclination of each of 
the light valves 108-110 is obtained for each of the 
above patterns and then the results are used to calcu- 
late the optimal settings for the motors 411-413. This 
procedure is described in detail below. 
[0060] As shown in the flowchart of FIG. 18, the 
processing starts by appropriately positioning the half 
mirror 112 (S501 ). The light source 111 is then switched 
on (S502), and one of the four patterns D-G is displayed 
on the blue image light valve 108 that is to be adjusted 
first (S503). Assume here that pattern D is displayed. In 
this case, the light valves 109 and 110 that are not being 
adjusted are set so that their entire display areas are in 
the closed state. This setting into the closed state of the 
display areas of light valves that are not being adjusted 
is similarly performed when adjusting the green image 
light valve 109 and the red image light valve 110. 
[0061] Adjustments for the positioning and inclination 
of can be obtained from the light reflected back off the 
projected images of the patterns due to the rationale ex- 
plained in the preceding embodiments. In other words, 
when the projector 100 projects an image of pattern D, 
the light reflected back off the projected image on the 
screen 200 forms an image on the blue image light valve 
108. Since the blue image light valve 108 is itself dis- 



playing pattern D, the optimal adjustment of the posi- 
tioning and inclination of the blue image light valve 108 
can be found by finding the maximum value of the in- 
tensity of the light that has been reflected off the screen 
200 and through the blue image light valve 108, which 
is to say, the maximum value of the output of the A/D 
convertor 115. 

[0062] When obtaining adjustment amounts for the 
positioning and inclination of a light valve for a pattern, 
first the setting of the light valve position/inclination ad- 
justing mechanism 141 is initialized corresponding to 
the present pattern (S504). The details of this step are 
as follows. In the present embodiment, the initial setting 
of the light valve position/inclination adjusting mecha- 
nism 141 , which is set in this step corresponding to the 
present pattern, is decided in advance. As one example, 
when pattern D with the mosaic in the top-left corner is 
displayed, the light valve position/inclination adjusting 
mechanism 141 is set so that the motor 41 2 is set at a 
value midway through its adjustable range, while the 
motors 41 1 and 41 3 are both set at their respective max- 
imum values. In this explanation, this 'maximum" value 
is the position in the adjustable range at which the mov- 
able frame 402 is closest to the fixed frame 401 . 
[0063] When pattern E with the mosaic in the bottom- 
left corner is displayed, the light valve position/inclina- 
tion adjusting mechanism 141 is set so that the motors 

411 and 412 are set at values midway through their ad- 
justable ranges, while the motor 41 3 is set at its maxi- 
mum value. When pattern F with the mosaic in the top- 
right corner is displayed, the light valve position/inclina- 
tion adjusting mechanism 141 is set so that the motor 
41 3 is set at values midway through its adjustable ran ge, 
while the motors 41 1 and 41 2 are set at their respective 
maximum values. In the same way, when pattern G with 
the mosaic in the bottom-right comer is displayed, the 
light valve position/inclination adjusting mechanism 141 
is set so that the motors 411 and 41 3 are set at values 
midway through their adjustable range, while the motor 

412 is set at its maximum value. 

[0064] Once the light valve position/inclination adjust- 
ing mechanism 141 has been set at the appropriate in- 
itial values, the output value of the A/D convertor 115 is 
obtained as the measurement P in the same way as in 
the preceding embodiments (S505). After this, the light 
valve position/inclination adjusting mechanism 141 
changes the positioning and inclination of the blue im- 
age light valve 108 by a predetermined amount (S506). 
In the present embodiment, the predetermined amount 
used when adjusting the positioning and inclination us- 
ing the pattern D can for example be an adjustment that 
reduces the setting of the motors 411 and 41 3, which 
are initially set at their maximum values, by a predeter- 
mined amount. When adjusting the positioning and in- 
clination using other patterns, a predetermined reduc- 
tion in the setting of the motor(s) which is/are set at its/ 
their maximum value(s) can be made in the same way. 
In the present embodiment, the motors (for the case of 
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pattern D 5 only motor 412) that are initially set at a mid- 
way value are not adjusted. As a result, the adjustment 
of the other motors changes the inclination of the blue 
image light valve 108 by a predetermined amount. Note 
that as in the preceding embodiments, there are no par- 
ticular restrictions regarding the meaning of "predeter- 
mined" used here. 

[0065] After making the above adjustment, the output 
value of the A/D convenor 1 1 5 is obtained as the meas- 
urement Q (S507). As in the preceding embodiments, 
the measurements Q and P are compared and the 
processing for obtaining an inclination/positioning ad- 
justment amount for the present pattern ends if the 
measurement Q has fallen below the measurement P 
(S508:Yes). If this is not the case (S508:Yes), the ad- 
justment processing of the light valve position/inclina- 
tion adjusting mechanism 141 for the pattern D is re- 
peated (S509, S506). 

[0066] When the processing for pattern D ends (S508: 
Yes), it is judged whether the adjustment processing has 
been completed for every pattern from pattern D to pat- 
tern G (S510). Since this is not the case in the present 
example (S510:No), the processing returns to step 
S503, a pattern that has not been processed (such as 
pattern E in the present example) is displayed on the 
blue image light valve 108 (S503), and adjustment of 
the inclination of the blue image light valve 108 is per- 
formed for this pattern. 

[0067] On the other hand, when the adjustment 
processing has been performed for every pattern (S51 0: 
Yes), the optimal inclination is calculated from the ad- 
justment results that the preceding processing obtained 
for each pattern (S51 1 ). One method for calculating this 
optimal inclination in step S511 is described below. 
[0068] FIG. 23 is a representation of this calculating 
method. In this figure, the parallelogram 108 drawn with 
a solid line shows a model representation of the position 
and inclination of the blue image light valve 108 when 
the motors 41 1 -41 3 are set at midway points 411 c~41 3c 
in their respective adjustable ranges. The arrows a, b, 
and c show the respective directions in which the motors 
411,412, and 41 3 can adjust the position and inclination 
of the movable frame 402. 

[0069] The following explanation deals with the case 
when adjustment values are obtained using the pattern 
D. The settings of motors 411 and 41 3 are progressively 
reduced from their maximum values so that the inclina- 
tion and position of the blue image light valve 108 reach 
the position surrounded by the broken line 108s in FIG. 
23 where the measurement Q falls below the measure- 
ment P. The coordinates of the point DZ are found from 
the settings of the motor 411 and the motor 41 3 at this 
point. This point DZ is the intersection between a norma! 
extending from the point Dl toward the XY plane in FIG. 
23 and the plain 1 08s where the inclined blue image light 
valve 108 is shown by a broken line. If the motors 
411 -41 3 are set at the center points 411 c-41 3c in their 
respective adjustable ranges, this point Dl is the inter- 



section between a line that joins the center points of two 
predetermined edges of the blue image light valve 108 
and a predetermined diagonal line, and roughly match- 
es the center of the mosaic part of pattern D. The coor- 

5 dinates (dx.dy.dz) of the point DZ are obtained as the 
position/inclination adjustment values for the pattern D. 
[0070] Coordinates are also obtained in the same way 
using the other patterns. When using pattern E, the 
same method is used to obtain the coordinates (ex,ey, 

io ez) of the point EZ (not illustrated) when the measure- 
ment Q falls below the measurement P. This point EZ is 
the intersection between a normal extending from the 
point shown as El (an intersection between a line that 
joins the center points of two predetermined edges and 

is a predetermined diagonal line) toward the XY plain and 
the inclined blue image light valve 108 during adjust- 
ment. The same goes for the coordinates (fx,fy,fz) of the 
point FZ and the coordinates (gx.gy.gz) of the point GZ. 
[0071] It is assumed here that the optimal adjustment 

20 of the position and inclination of the blue image light 
valve 108 includes four points expressed by the follow- 
ing coordinates. In other words, the standard value S lor 
optimizing the positioning and inclination of the light 
valve can be defined by Expression 1 below, with these 

2B four points given as DZ'fdx.dy.dz'): EZ' (ex,ey,ez'), FZ' 
(fx.fy.fz 1 ), and GZ' (gx.gy.gz'). 

Expression 1 

30 [0072] 

S=Adz 2 +Aez 2 +Afz 2 +Agz 2 

35 where 

Adz 2 = (dz-dz') 2 

40 2 2 

Aez =(ez-ez') 
Afz 2 =(fz-fz') 2 

45 

Agz 2 =(gz-gz*) 2 

[0073] If the set (dz'.ez'.fz'.gz') of numbers that mini- 
so mizes the standard value S is found, a plain including 
the blue image light valve 108 after optimal adjustment 
of positioning and inclination can be found. As a result, 
the optimal settings of the motors 411-413 can be de- 
termined. These settings are made in step S512 in the 
55 flowchart in FIG. 18, thereby achieving the automatic 
adjustment of the positioning and inclination of the blue 
image light valve 108. 

[0074] The processing described using FIG . 1 8 is also 



10 



BN.qnnnin- <fp 



19 



EP 0 967 808 A2 



20 



performed for the green image light valve 109 and the 
red image light valve 110, so that the inclination and po- 
sitioning of all Ihe light valves 1 08- 1 1 0 are automatically 
adjusted. 

[0075] As with the preceding embodiments, the s 
present embodiment has the advantages of lower cost 
and of easier operation for adjustment of the projection 
parameters over systems where a video camera is 
used. Note that while step S503 is described in the 
present embodiment as using initial settings of the max- 
imum value for motors 411 and 413 and step S506 as 
decreasing these settings by predetermined values, the 
opposite may be the case, so that the minimum values 
may be set for these motors in step S503 and the set- 
tings thereafter progressively increased by predeter- 
mined amounts in step S506. 

[0076] Note also that while step S503 is described as 
fixing the setting of the motor 41 2 at the midpoint of the 
adjustable range, this setting may be fixed at a different 
point, or may itself be changed. If the initial settings of 
the motors 411 and 41 3 are the maximum values in the 
adjustable ranges, the initial value of the motor 41 2 may 
be set as the minimum value in the adjustable range, 
with the setting of the motor 412 being increased by a 
predetermined amount when the settings of the motors 
411 and 413 are decreased by the predetermined 
amounts. In other words, a variety of methods may be 
used. 

[0077] Finally, step S511 of the present embodiment 
is not limited to the method for calculating the standard 
value S that was shown by Expression 1 . Other methods 
are possible, so that depending on the settings and oth- 
er factors, a method that improves the precision of the 
settings can be used. 

Sixth Embodiment 

[0078] The following describes a sixth embodiment of 
the present invention. In this embodiment, the focus of 
each light valve is automatically adjusted for the case 
when images are projected onto the screen using one 
projector. Note that it is believed that the adjustment de- 
scribed in this embodiment will often not be required if 
the inclination and position of the light valves have been 
adjusted using the method described in FIG. 5. This is 
because the focus adjustment of the light valves in the 
present embodiment is performed by having each of the 
motors 411-413 move by a same predetermined 
amount to adjust the position of each light valve relative 
to the optical axis of the light from the light source 111, 
which will often be achieved when adjusting the posi- 
tioning of the light valves in the method of the fifth em- 
bodiment. Once adjustment has been performed ac- 
cording to the method described in the fifth embodiment, 
the method in the present embodiment can be used to 
make fine adjustments to the foci of the light valves while 
maintaining their optimized inclinations. 
[0079] The projector 100 of this sixth embodiment has 



the construction shown in FIG. 15, which is almost the 
same as that described in the fifth embodiment. Since 
the present pattern uses pattern C of the fourth embod- 
iment that is completely covered by a mosaic pattern, 
the present projector 100 includes the mosaic pattern 
generating circuit 1 23 in place of the partial mosaic pat- 
tern generating circuit 124. The automatic adjustment 
of the foci of the light valves in the present embodiment 
by the light valve position/inclination adjusting mecha- 
nisms 141-143 is fundamentally the same as the auto- 
matic adjustment of the positioning and inclination of the 
light valves in the fifth embodiment, except that the set- 
tings of the motors 411-413 are always changed uni- 
formly. Due to this difference, the processing by the mi- 
crocomputer 116 in the sixth embodiment differs to that 
in the fifth embodiment, with the following explanation 
focusing on these differences. 

[0080] FIG. 25 is a flowchart showing the processing 
of the microcomputer 116 in the present embodiment. 
In the same way as in the fifth embodiment, the adjust- 
ment of the positioning has to be performed separately 
for each light valve, with the lollowing explanation deal- 
ing with the example of the blue image light valve 108. 
The green image light valve 1 09 and the red image light 
valve 110 are adjusted in the same way, with the order 
for adjusting the light valves being arbitrary. As shown 
in FIG. 25, the processing of the microcomputer 116 in 
the present embodiment is closer to the processing in 
the first-fourth embodiments than the processing in the 
fifth embodiment. However, the present embodiment 
has some slight differences with the first-fourth embod- 
iments that are caused by the adjustment of the foci of 
the light valves 108-110 using the light valve position/ 
inclination adjusting mechanisms 141-143. Note that 
since the automatic adjustment of the projection param- 
eters performed in the present embodiment is achieved 
with only one projector as in the fifth embodiment, it is 
preferable for the positioning of the projector and the 
other projection parameters to be roughly adjusted be- 
fore automatic adjustment of the projection parameters 
is performed. The reasons for this are the same as those 
given in the first embodiment. 

[0081] In the flowchart of FIG. 25, the microcomputer 
116 of the first embodiment first adjusts the positioning 
cf the half mirror 112 (S601 ). Since the projector 100 is 
to project an image of pattern C, this pattern is displayed 
on the blue image light valve 108 (S602). The reason 
pattern C is used is that the adjustment performed in the 
present embodiment is an adjustment of the light valves 
108-110 in the direction of the optical path of the light 
from the light source 111 , which is to say, an adjustment 
of the distances from the light valves 108-110 to the pro- 
jection lens 101 , or in other words, an adjustment of the 
foci of the light valves 108-110. As a result, the same 
pattern, pattern C, that was used for the adjustment of 
the focus of the projection lens 101 in the fourth embod- 
iment can be used. When pattern C is used, the intensity 
of the light reflected back off the screen 200 and through 
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the blue image light valve 108, which is to say the output 
of the A/D convenor 1 1 5, will be greatest when the focus 
of the blue image light valve 108 has been optimally ad- 
justed. Note that when adjustment is being performed 
for the blue image light valve 108, totally closed patterns 
are displayed on the green image light valve 109 and 
the red image light valve 110, as in the fifth embodiment. 
[0082] Next, the microcomputer 116 sets the position 
of the blue image light valve 108 at its maximum value 
(S603), and switches on the light source 111 (S604). 
This means that each of the motors 41 1 -41 3 of the light 
valve position/inclination adjusting mechanism 141 is 
set so that the movable frame 402 is positioned at a clos- 
est position to the fixed frame 401 . After this, the output 
value of the A/D convertor 1 1 5 is obtained as the meas- 
urement P (S605) . 

[0083] The microcomputer 116 then has the light 
valve position/inclination adjusting mechanism 141 de- 
crease its setting by a predetermined amount (S606). 
This means that the motors 411-413 each rotate by a 
same predetermined amount to move the movable 
frame 402 a predetermined distance away from the fixed 
frame 401 . As in the preceding embodiments, the "pre- 
determined" of "predetermined distance" has no partic- 
ular meaning. The output value of the A/D convertor 115 
at this point is obtained as the measurement Q (S607). 
As in the preceding embodiments, when the measure- 
ment Q has fallen below the measurement P (Step 
S608: Yes), the adjustment of the position of the blue im- 
age light valve 108 is complete. When this is not the 
case, (S608:No), the adjustment by the light valve po- 
sition/inclination adjusting mechanism 141 is repeated 
(S609, S606). 

[0084] The above processing completes the adjust- 
ment of the position (focus) of the blue image light valve 
108, and is then repeated for the green image light valve 
1 09 and the red image light valve 110, thereby adjusting 
the foci of all the light valves 108-110. 
[0085] As with the preceding embodiments, the 
present embodiment has the advantages of lower cost 
and of easier operation for adjustment of the projection 
parameters over systems where a video camera is 
used. While there is a possibility of the processing of the 
present embodiment being less precise than that ol the 
fifth embodiment, the present embodiment has the ad- 
vantages such as (1) there being no need for complex 
calculations to specify the planes in which the light 
valves should be set, and (2) the ability to reduce the 
number of motors in each light valve position/inclination 
adjusting mechanism by one allows this technology to 
be used even in low cost projectors. Depending on the 
operating conditions, this present embodiment can still 
obtain a sufficient degree of precision. 

Seventh Embodiment 

[0086] The following describes a seventh embodi- 
ment of the present invention. This embodiment is a 



method for automatically adjusting the convergence of 
a projector when images projected by two projectors are 
combined on a screen. 

[0087] FIG. 26 shows the construction of the projector 

5 100 in this embodiment. As shown in FIG. 26, the 
present projector has largely the same construction as 
that described in the fifth embodiment that was shown 
in FIG. 15. However, the present embodiment differs 
from the fifth embodiment in have the convergence ad- 

io justing mechanisms 1 51 , 1 52, and 1 53 respectively pro- 
vided for the light valves 108, 109, and 110 in place of 
the light valve position/inclination adjusting mecha- 
nisms 141, 142, and 143. The automatic adjustment 
performed in this embodiment has convergence adjust- 

15 ed for the projector 100 with a pattern projected by a 
different projector 300 as the standard pattern. This pat- 
tern projected onto the screen 200 by the projector 300 
and the processing by the microcomputer 116 differ 
somewhat to the preceding embodiments, so that the 

20 following explanation will focus oh these differences. 
[0088] The following describes one example of the 
construction of the convergence adjusting mechanisms 
151, 152, and 153. The convergence adjusting mecha- 
nisms 151-153 are themselves conventional devices, 

2S and are normally used, like the light valve position/incli- 
nation adjusting mechanisms 141-143, when the user 
performs a manual adjustment using a remote controller 
based on an visual assessment of the projected image. 
These convergence adjusting mechanisms 151-153 

30 each have the same construction, so that only conver- 
gence adjusting mechanism 151 will be described. FIG. 
27 is a front elevation of one example construction of 
the convergence adjusting mechanism 151 shown in 
schematic form. 

35 [0089] As shown in FIG. 27, the movable frame 502 
is provided inside the fixed frame 501. The blue image 
light valve 108 is attached to the light valve attachment 
window 504 provided on the inside of the movable frame 
502. A liquid crystal display can be used to realize the 

40 blue image light valve 108. Elastic bodies 505 and 506, 
which can be springs, are provided between the mova- 
ble frame 502 and the fixed frame 501 , to hold the mov- 
able frame 502 in an almost fixed position which can be 
adjusted in the horizontal and vertical directions. This is 

45 described in more detail later in this embodiment. With 
this construction, light from the light source 111 enters 
the light valve attachment window 504 at an almost per- 
pendicular angle and so passes through the blue image 
light valve 1 08 attached therein. 

so [0090] The convergence adjusting mechanism 151 of 
the present embodiment also includes the motors 511 , 
512, and 51 3 that are capable of positioning control and 
the screws 521, 522, and 523 that can be respectively 
rotated both clockwise and anti-clockwise by the motors 

55 5i i t 512, and 513. The convergence adjusting mecha- 
nism 1 51 is constructed so that the position of the mov- 
able frame 502 can be controlled by rotating of these 
screws 521, 522, and 523. The ends of the screws 
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521-523 are held by screw end holding mechanisms 
531 -533 that have a similar construction to the screw 
end holding mechanism 431 (shown in FIG. 17A) that 
was described in the fifth embodiment, so that the 
screws 521-523 are only capable of movement in the 5 
directions used for adjusting convergence. Central po- 
sitions of the screws 521 -523 are also held by the cen- 
tral position holding mechanisms 541-543, which can 
have a construction such as that shown in FIG. 28. As 
a result, the position of the movable frame 502 can be 
controlled by rotating the motors 511 -51 3. 
[0091] Note that since the end positions of the screws 
521 -523 are variable, actuators, such as linear stepping 
actuators, can be used as the motors 511-513. 
[0092] The central position holding mechanism 541 of 
the present embodiment (the central position holding 
mechanisms 542 and 543 are the same, and so will not 
be described) has an external case 5411 into which a 
female thread 5412 for engaging the screw 521 has 
been cut. When the screw 521 is rotated by the motor 
51 1 , this results in the front end of the screw 521 moving 
forward or backward. Note that in the present embodi- 
ment, guide members 5413a and 5413b are provided 
between the central position holding mechanism 541 
and the fixed frame 501 , so that the central position hold- 
ing mechanism 541 can be slid along the fixed frame 
501 without being moved in any other direction. Howev- 
er, the central position holding mechanism 541 is not 
limited to this structure, so that as one alternative, a fair- 
ly large hole may be provided in the external case 5411 
and another member including the female thread may 
be provided in a movable state within this hole. Also, 
while the motors 511 -51 3 need to be disposed so as to 
allow movement in the same direction as the corre- 
sponding central position holding mechanisms 
541-543, suitable constructions for achieving this are 
already conventionally available, so that no description 
of such will be given. 

[0093] FIGS. 29 and 30 are flowcharts showing the 
processing of the microcomputer 1 1 6 in the. present em- 
bodiment. The microcomputer 116 of the present em- 
bodiment needs to adjust the convergence of each of 
the light valves 108-110 in both the horizontal and ver- 
tical directions, although since the processing for each 
light valve 108-110 is the same, the following will only 
describe the processing for the blue image light valve 
108. The adjustment of convergence for the green im- 
age light valve 109 and the red image light valve 110 is 
performed in the same way. The processing for adjust- 
ing convergence in the vertical direction is shown in FIG. 
29, and that for adjusting convergence in the horizontal 
direction is shown in FIG. 30. 

[0094] The following describes the processing for ad- 
justing convergence in the vertical direction, with refer- 
ence to FIG. 29. Since the processing for adjusting the 
projection parameters uses two projectors in the present 
embodiment, most of the processing for adjusting con- 
vergence in the vertical direction coincides with the 



processing of the second embodiment that was shown 
by the flowchart in FIG. 8. However, the processing con- 
tent of certain steps differs due to the automatic adjust- 
ment of the projection parameters performed in the 
present embodiment being a positional adjustment of 
the light valves 108-110 using the convergence adjust- 
ing mechanisms 151-153. 

[0095] The automatic adjustment of the projection pa- 
rameters in the present embodiment is performed using 
the projector 300 in addition to the projector 100. Ac- 
cordingly, for the reasons given in the second embodi- 
ment, it is preferable for the positioning of these projec- 
tors and the projection parameters to be roughly adjust- 
ed before the automatic adjustment of the projection pa- 
rameters is performed. Note that the present embodi- 
ment uses the same horizontal stripe pattern (pattern B) 
as the third embodiment when adjusting convergence 
in the vertical direction and a vertical stripe pattern 
(called "pattern H"), such as that shown in FIG. 31 , when 
adjusting convergence in the horizontal direction. The 
displaying of these patterns is controlled by the conver- 
gence adjustment pattern generating circuit 125. The 
logic behind the use of these patterns is the same as in 
the preceding embodiments, so that no further explana- 
tion will be given. 

[0096] Returning to the flowchart in FIG. 29, the mi- 
crocomputer 116 of this seventh embodiment first posi- 
tions the half mirror 112 as shown in FIG. 3A, so that the 
light detecting element 114 can detect the intensity of 
the light reflected backoff the screen 200 (S701). Next, 
pattern B is displayed on the blue image light valve 1 08 

(5702) , and the motor 51 3 of the convergence adjusting 
mechanism 151 is rotated to set the adjustment value 
of the vertical convergence at its maximum value 

(5703) . Here, the maximum value of adjustment value 
of the vertical convergence is set as the position in the 
vertically adjustable range of the movable frame 502 
where the movable frame 502 is positioned furthest from 
the motor 51 3. Note that the projector 300 is projecting 
an image of pattern B onto the screen 200 at this point. 
Provided that it starts before step S704, this projecting 
can be commenced at any time in the processing. Also, 
while the blue image light valve 108 is being adjusted, 
patterns that are entirely closed are displayed on the 
green image light valve 109 and the red image light 
valve 110. 

[0097] While the projector 300 is projecting an image 
of pattern B, the microcomputer 116 obtains the output 
value of the A/D convenor 115 as the measurement P 

(5704) . After this, the motor 51 3 is rotated by a prede- 
termined amount so as to reduce the adjustment of the 
convergence value by a predetermined amount (S705). 
In more detail, the motor 51 3 is rotated so that the mov- 
able frame 502 is moved a predetermined distance clos- 
er to the motor 51 3 in the vertical direction. The micro- 
computer 116 then obtains the output value of the A/D 
convenor 115 as the measurement Q (S706). 

[0098] As in the preceding embodiments, if the meas- 



75 



20 



25 



30 



35 



40 



45 



50 



55 



BNSDOCID: <EP 0967808A2_I_> 



25 



EP 0 967 808 A2 



26 



urement Q has fallen below the measurement P (S707: 
Yes), the processing for adjusting the convergence in 
the vertical direction is complete. If not (S707:No), the 
motor 51 3 is rotated so that the vertical adjustment by 
the convergence adjusting mechanism 151 is repeated s 
(S708, S705). 

[0099] Once the adjustment of convergence in the 
vertical direction has been completed, the processing 
advances to the flowchart in FIG. 30. The processing in 
FIG. 30 only differs from that in FIG. 29 by using pattern io 
H in place of pattern B (S709) and in performing adjust- 
ment in the horizontal direction instead of the vertical 
direction (S710, S712). Accordingly, this processing will 
not be described in detail. It should be obvious here that 
the convergence in the horizontal direction is adjusted is 
by rotating the motors 51 1 and 512 by the same amount. 
When the adjustment of convergence in the horizontal 
direction has been completed, the automatic adjustment 
of the projection parameters in the present embodiment 
ends. 20 
[0100] As with the preceding embodiments, the 
present embodiment has the advantages of lower cost 
and of easier operation for adjustment of the projection 
parameters over systems where a video camera is 
used. Note that while steps S703 and S710 are de- 25 
scribed in the present embodiment as using initial set- 
tings of the maximum values for the convergence val- 
ues, and steps S705 and S71 2 as decreasing these set- 
tings by predetermined amounts, the opposite may be 
the case, so that the minimum values may be initially 30 
set and the settings thereafter progressively increased 
by predetermined amounts. The widths of the stripes in 
pattern B and pattern H may also be changed. 
[0101] The present embodiment describes the case 
where convergence is adjusted in the vertical and hori- 35 
zontal directions, although a rotational adjustment of the 
light valves may be performed using a different standard 
pattern. This rotation of a light valve can be easily 
achieved by having motors 511 and 512 rotate by differ- 
ent amounts. *o 

Modifications 

[0102] The present invention has been described by 
way of the preceding embodiments, although it should *s 
not be construed as being limited to the specific exam- 
ples used therein. Example modifications of these em- 
bodiments are given below. 

(1) The above embodiments all describe the case so 
when the projection parameters such as the zoom 
ratio of the projection lens, the focus of the projec- 
tion lens, the foci of the light valves, and the con- 
vergences of the light valves are all separately ad- 
justed. However, since the various adjusting mech- ss 
anisms (the projection lens magnification ratio ad- 
justing mechanism, the projection lens foe us adjust- 
ing mechanism, the light valve position/inclination 



adjusting mechanisms, the convergence adjusting 
mechanisms etc.) described in these embodiments 
can all be provided in the same projector automatic 
adjustment of some or all of such projection param- 
eters can be performed by the same projector. 

Note that the provision of both the light valve 
position/inclination adjusting mechanism 141 and 
the convergence adjusting mechanism 151 can be 
easily achieved by attaching the fixed frame 401 
shown in FIG. 16 not to the case of the projector but 
to the fixed frame 501 in FIG. 27 via an elastic body. 

When a number of projection parameters are 
automatically adjusted for one projector, there are 
no particular restrictions regarding the order in 
which such projection parameters are adjusted. 
However, seeing as the technical effect of the 
present invention lies in the adjustment of projection 
parameters based on the detection amount of light 
reflected back off the screen, it would normally be 
preferable for the focus of the projection lens or the 
foci of the light valves to be adjusted before the oth- 
er projection parameters. Since the automatic ad- 
justment of the convergence will generally require 
a higher degree of precision than the other projec- 
tion parameters, it will often be best for this adjust- 
ment to be performed after the adjustment of the 
other projection parameters is the for the most part 
complete. 

When automatically adjusting a number of pro- 
jection parameters, there is a possibility that the ad- 
justment of one projection parameter will result in a 
previously adjusted projection parameter no longer 
being set at an optimal value. As a result, the ad- 
justment of the projection parameters need not be 
limited to being performed once for each parameter, 
so that adjustment may be repeated a suitable 
number of times. The optimal order in which the pro- 
jection parameters should be adjusted and the 
number of times adjustment is performed lor each 
will depend on the operating conditions and the spe- 
cific needs of users, and so are not subject to any 
particular limitations. Accordingly, an optimal ar- 
rangement for such conditions and needs may be 
used. 

(2) The preceding embodiments describe the case 
when liquid crystal panels are used as the light 
valves 108-110, although this is not a limitation for 
the present invention. From the gist of the present 
invention, any kind of light valve that allows light re- 
flected back off the screen to pass may be used. 
The present invention can also be adapted to use 
reflective light valves that use DIGITAL MIC ROMIR- 
ROR DEVICES (DMD) (a registered trademark of 
TEXAS INSTRUMENTS, INC.) or the like. 

(3) The preceding embodiments were described us- 
ing the example of a three-chip projector where a 



14 



nQR7fif\BA9 I ^ 



27 



EP 0 967 808 A2 



28 



lighl splitting means with the construction in FIG. 2 
is used. However, the light splitting means is not lim- 
ited to this construction, so that a variety of different 
structures may be used. As one example, the 
present invention can be easily adapted to use di- 5 
chroic prisms. 

(4) The preceding embodiments gave no particular 
details regarding the adjustment of convergence 
between the light valves for the three RGB colors, io 
although since the described method uses two pro- 
jectors, one projector that has had the convergence 
between the RGB colors precisely adjusted can be 
used as the standard for adjusting the other projec- 
tor, so that no detailed explanation should be re- is 
quired. It should be obvious that it is also preferable 

for the convergence between the different light 
valves to be adjusted when automatically adjusting 
the projection parameters. 

20 

(5) In the preceding embodiments, the processing, 
such as in the flowchart of FIG. 3, is such that the 
adjustment is terminated when the measurement Q 
falls below the measurement R However, the 
present invention is not limited to this, and a variety 25 
of different control processes may be performed to 
make the adjustments more precise. As one exam- 
ple, the intensity of the reflected light before and af- 
ter the measurement Q falls below the measure- 
ment P may be detected and stored, thereby ena- 30 
bling the most suitable adjustment of the projection 
parameters to be made. 

(6) Finally, in the above embodiments, the projec- 
tion parameters are described as being adjusted 35 
based on the intensity of the reflected light that is 
detected by the light detecting element 114. How- 
ever, the present invention is not limited to this, so 
that if a CCD (Charge Coupled Device) is used as 

the light detecting element 114, the projection pa- *o 
rameters may be adjusted having detected the form 
of the image that reaches the light detecting ele- 
ment 114 or the colors in such image. 

[0103] Although the present invention has been fully «5 
described by way of examples with reference to accom- 
panying drawings, it is to be noted that various changes 
and modifications will be apparent to those skilled in the 
art. Therefore, unless such changes and modifications 
depart from the scope of the present invention, they 50 
should be construed as being included therein. 



Claims 

55 

1. A projector that projects images onto a screen by 
passing light from a light source through a light 
valve and a projection lens, the projector compris- 



reflected light detecting means for detecting 
light that has been reflected off the screen and 
back through the light valve; and 
projection parameter adjusting means for ad- 
justing a projection parameter based on a de- 
tection result of the reflected light detecting 
means. 

2. The projector of Claim 1 , further comprising: 

pattern projecting means for controlling the 
light valve to display a predetermined pattern 
and switching on the light source to have an im- 
age of the predetermined pattern projected on- 
to the screen, 

wherein the reflected light detecting means de- 
tects an intensity of the light that has been re- 
flected off the screen and back through the light 
valve, and 

the projection parameter adjusting means ad- 
justs the projection parameter so that the inten- 
sity detected by the reflected light detecting 
means increases. 

3. The projector of Claim 2, 

wherein the reflected light detecting means in- 
cludes: 

a collective lens for collecting the light that has 
been reflected off the screen and back through 
the light valve, 

a light detecting element that detects an inten- 
sity of the light that has been collected by the 
collective lens; and 

a half mirror, located on an optical path taken 
by the light from the light source, that allows the 
light from the light source to pass and directs 
the light that has been reflected off the screen 
and back through the light valve toward the col- 
lective lens. 

4. The projector of Claim 2. 

wherein an outer part of the predetermined pat- 
tern allows light to pass, and 
the projection parameter adjusting means ad- 
justs a zoom ratio of a projection lens so that 
the intensity detected by the reflected light de- 
tecting means reaches a highest value. 

5. The projector of Claim 2, 

wherein the predetermined pattern includes 
bright areas adjacent to dark areas, and 
the projection parameter adjusting means ad- 
justs a focus of a projection lens so that the in - 
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tensity detected by the reflected light detecting 
means reaches a highest value. 

6. The projector of Claim 2, 

5 

wherein the pattern projecting means has a plu- 
rality of predetermined patterns successively 
formed on the light valve, each of the plurality 
of predetermined patterns having a region 
where bright areas are adjacent to dark areas io 
located in a different position to other predeter- 
mined patterns, 

wherein the projector further comprises: 
position/inclination measurement obtaining 
means for obtaining, from the intensity detected is 
by the reflected tight detecting means, a meas- 
urement relating to a position and an inclination 
of the light valve separately for each of the plu- 
rality of predetermined patterns; and 
position/inclination calculating means for cal- 20 
culating information that shows an optimal po- 
sition and inclination of the light valve, based 
on the measurements obtained for each of the 
plurality of patterns by the position/inclination 
measurement obtaining means, 2& 
wherein the projection parameter adjusting 
means adjusts the position and the inclination 
of the light valve based on the information cal- 
culated by the position/inclination calculating 
means. 30 

7. The projector of Claim 2, 

wherein the predetermined pattern includes 
bright areas adjacent to dark areas, and 35 
the projection parameter adjusting means ad- 
justs a position of the light valve along an opti- 
cal path of light from the light source so that the 
intensity detected by the reflected light detect- 
ing means reaches a highest value. *o 

8. The projector of Claim 1 , further comprising: 

pattern forming means lor controlling the light 
valve to display a predetermined pattern, the 45 
predetermined pattern being similar to a pattern 
projected onto the screen by a different projec- 
tor, 

wherein the reflected light detecting means in- 
cludes: so 
reflected light collecting means for collecting 
the light that has been reflected off the screen 
and has passed through the light valve; and 
reflected light measuring means for measuring 
an intensity of the reflected light that has been ss 
collected by the reflected light collecting 
means, 

wherein the projection parameter adjusting 



means adjusts the projection parameter based 
on the intensily detected by the reflected light 
measuring means. 

9. The projector of Claim 8, 

wherein the reflected light collecting means in- 
cludes: 

a collective lens for collecting the reflected light 
that has been reflected off the screen and has 
passed through the light valve; and 
a mirror, disposed so as to be movable between 
a first position that is situated on an optical path 
of the light from the light source and a second 
position that is away from the optical path, for 
directing the reflected light toward the collective 
lens when positioned in the first position. 

10. The projector of Claim 8, 

wherein an outer part of the pattern on the 
screen is bright, and 

the projection parameter adjusting means ad- 
justs a zoom ratio of a projection lens so that 
the intensity detected by the reflected light 
measuring means reaches a highest value. 

11. The projector of Claim 8, 

wherein the pattern on the screen has alternat- 
ing bright areas and dark areas arranged in a 
vertical direction, and 

the projection parameter adjusting means ad- 
justs an axis displacement of a projection lens 
so that the intensity detected by the reflected 
light measuring means reaches a highest val- 
ue. 

12. The projector of Claim 8, 

wherein the pattern on the screen has alternat- 
ing bright areas and dark areas arranged in a 
horizontal direction, and 
the projection parameter adjusting means ad- 
justs a convergence of the light valve in the hor- 
izontal direction so that the intensity detected 
by the reflected light measuring means reaches 
a highest value. 

13. The projector of Claim 8, 

wherein the pattern on the screen has alternat- 
ing bright areas and dark areas arranged in a 
vertical direction, and 

the projection parameter adjusting means ad- 
justs a convergence of the light valve in the ver- 
tical direction so that the intensity detected by 
the reflected light measuring means reaches a 
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highest value. 



mirror. 



14. A projector, comprising: 

a light sou rce that can be freely switched on and 
off; 

light splitting means for splitting light from the 
light source, when switched on, into three 
colors red, green, and blue; 
three light valves, each of which is incident to 
light of a dilferent one of the three colors red, 
green and blue, which each forms an image ac- 
cording to an inputted image signal; 
light combining means for combining light that 
has passed the three light valves; 
a projection lens for projecting the light com- 
bined by the light combining means to form an 
image on a screen; 

reflected light intensity detecting means for de- 
tecting an intensity of light that has been reflect- 
ed off the screen and back through the projec- 
tion lens and at least one of the three light 
valves; and 

control means for controlling the three light 
valves to display predetermined patterns and 
having a projection parameter adjusted accord- 
ing to the intensity detected by the reflected 
light intensity detecting means. 
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18. The projector of Claim 14, 

wherein the reflected light intensity detecting 
means includes: 

a light detecting element for receiving the re- 
flected light and outputting a signal showing the 
intensity of the reflected light to the control 
means; and 

a mirror, disposed so as to be movable between 
a first position that is situated on an optical path 
taken by the light from the light source and a 
second position that is away from the optical 
path, for directing the reflected light toward the 
light detecting element when positioned in the 
first position. 

19. The projector of Claim 18, 

wherein the light detecting element is a photo 
diode, and 

the reflected light intensity detecting means fur- 
ther includes a collective lens, positioned be- 
tween the mirror and the light detecting ele- 
ment, for collecting light reflected by the mirror. 



15. The projector of Claim 14, 



30 



wherein the control means has the projection 
parameter adjusted so that the intensity delect- 
ed by the reflected light intensity detecting 
means reaches a highest value. 

16. The projector of Claim 14, wherein the reflected 
light intensity detecting means includes: 



a light detecting element for receiving the re- *o 
fleeted light and outputting a signal showing the 
intensity of the reflected light to the control 
means; and 

a half mirror, located between the light source 
and the light splitting means on an optical path 45 
taken by the light from the light source, that al- 
lows the light from the light source to pass and 
directs the reflected light toward the light de- 
tecting element. 

so 

17. The projector of Claim 16, 



wherein the light detecting element is a photo 
diode, and 

the reflected light intensity detecting means fur- $ s 
ther includes a collective lens, positioned be- 
tween the half mirror and the light detecting el- 
ement, for collecting light reflected by the half 
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